Abstract
INTRODUCTION
Almost every year local heavy rain showers and flash floods appear in different parts of Slovenia. Flash floods in September 2007 caused, besides enormous material damage, loss of six human lives. Meteorological forecast predicted precipitation for Tuesday, September 18, but not in the quantity and intensity as it happened. It is impossible to predict such events in advance, correctly and with reliability, in an alpine region with distinctive topography and climate variability.
The paper presents description of meteorological conditions which led to catastrophic hydrological situation and raging power of the nature. It follows the description of hydrological situation, showing the hydrographs of high waters recorded on the measurement sites of national hydrological monitoring network. The situation was the worst in the catchment of Selška Sora in Železniki where the measuring equipment stopped to work and flood wave was not recorded. For that reason the hydrograph was simulated by the HEC-1 model. During the event hydrological forecasting service issued hydrological warnings and data, and predictions regarding to meteorological forecasts. Field measurement groups were trying to measure the flood discharge by ADCP measurement equipment on some locations. It was turned out that the performing of measurements were nearly impossible in such meteorological circumstances combined with high velocity of water and debris flow.
REVIEW OF METEOROLOGICAL CONDITIONS
There was a region of low air pressure over the Northern Europe on 18 September 2007. Cold front moved over western and middle Europe towards the Alps. At the same time a high valley of cold air moved over western Europe towards east. Southwestern wind was getting stronger and stronger over Slovenia. Main reasons for strong precipitation were the diversity of terrain, constant inflow of moist air from southeast, very unstable atmosphere and wind shearing in higher atmospheric layer.
In the morning of September 18, an extensive convective system was formed in the north-western part of Slovenia and that system remained there for a few hours. The first precipitation zone moved over western Slovenia towards east on 18th September 2007 between 5 and 7 a.m. in the morning. A short brake has followed and after 8 a.m. some thunderstorms appeared in the hilly area of western Slovenia. Very heavy rain showers arisen after 9 a.m. (Figure 1) . A strong thunderstorm line was established from Posočje over Idrija-Cerkljansko hills and Škofja Loka hills to northern part of Ljubljana basin. The thunderstorm was located there nearly two hours.
Next distinctive stationary thunderstorm line was built on 18th September at 13:30 in a direction of Tolmin -Radovljica. Precipitation weakened at 5 p.m. in Bohinj, but has not stopped yet. New thunderstorm cells were formed over northern Slovenia over and over during the afternoon and precipitation strengthened in northeast part of Slovenia ( Figure 1 ). Wind had started to blow in lower atmosphere from northeast to northwest. Thunderstorms were formed when the cold front was passing, and moved towards south. Precipitation stopped in western part of Slovenia around 9 p.m., in northwest at midnight, and in southeast during 2 and 3 a.m. next morning. Unexpectedly heavy rainfall fell in a few hours on the most affected area, mostly within six hours. On some precipitation measurement stations more than 300 mm of rain was recorded. The highest precipitation was recorded in the region from Bohinj and hills of Cerkljansko to Celje valley (Figure 2 ). The spatial distribution of precipitation was very high. High differences in the amount of precipitation were at small distances. The return period of the highest precipitation was more than 100 year. The amount of precipitation decreased to the east. Above 100 mm of precipitation fell in north part of Ljubljana valley and in some parts of Štajerska region, where the highest precipitation fell in the surroundings of Celje. 
DESCRIPTION OF HYDROLOGICAL EVENT
There was not a lot of precipitation in Slovenia from the beginning of September 2007 ( Figure 3 ) and discharges of the rivers were low early in the morning of 18 September. Only some rivers in eastern and western part of the country had mean yearly discharges. A night before, rivers in south-western part of the country raised, but in the morning they were all decreasing. Regarding to the meteorological situation on 18 September (Figure 2 ), the northwest part of Slovenia got the highest amount of precipitation and the hydrological situation was the worst in the catchments of the Selška Sora, Cerknica, Bistrica, Lipnica, Tržiška Bistrica, Pšata, Kamniška Bistrica, Dravinja and some tributaries of the Savinja (Figure 4 ). The simulated hydrograph for Železniki is shown in Figure 8 . Further analysis of flood waves and calculation of runoff coefficients showed that the coefficients were very small in the Sora catchment ( Figure 11 ). The coefficients of direct runoff were about 0.27 and the coefficients of total runoff about 0.31. Regarding to small antecedent soil moisture and consequently low flows before flood event, the infiltration into the soil was very high and that was also a reason for triggering of numerous landslides. Precipitation caught and held by vegetation presented the remaining losses. 
The catchments of the Lipnica and Tržiška Bistrica
Discharge with a return period over 100 years was recorded on the Lipnica at Ovsiše (Figure 12) and Tržiška Bistrica at Preska as well (Figure 13 ). The maximum discharge in Tržiška Bistrica was 155 m 3 /s at 16:30 (Figure 14) . 
The Bohinjska Bistrica catchment
The Bistrica at Bohinjska Bistrica gathers water from southern side of the Bohinj ridge. On 18 September the extreme amount of precipitation fell in that area which caused huge rise of the Bistrica and flooding of the surrounding buildings. The peak of flood wave reached 108 m 3 /s at 17:30 and exceeded the periodical maximum discharge at this location. The return period of flood was more than 100 years ( Figure  15 ). Other rivers and streams in Bohinj and its surrounding rose significantly. A number of land slides closed the roads and the railway traffic was impossible too. 
The catchment of the Pšata and Kamniška Bistrica
In the afternoon on 18 September the precipitation moved towards northeast of Slovenia. The streams increased in the foothill of Kamniške Alps, on the field of Domžale and in the Tuhinj valley. The Nevljica at Nevlje had a maximal discharge of 68 m 3 /s late in the evening with a return period of 100 years. The Pšata flooded in Komenda and its neighborhood. At Topole the runoff reached 52 m 3 /s, what is 100-year return period (Figure 16 ). The Kamniška Bistrica at Kamnik had 10-year return period with maximum discharge of 140 m 3 /s, but downstream the discharge increased to 50 to 100-year return period due to the high Pšata inflow. The Rača with 5 to 10-year return period additionally contributed to the increase of discharge of the Kamniška Bistrica on the confluence with the Sava river. 
The Savinja catchment
In the late afternoon when rivers in western part of Slovenia started to decrease, the majority of precipitation moved to central and eastern part of Slovenia, to the Savinja and Dravinja catchments. 
The Dravinja catchment
The Dravinja in its upper part at Loče exceeded the periodical maximum discharge on 18 September at around 10 pm. The peak discharge was 78 m 
CONCLUSION
Heavy rainfall with high intensity caused huge floods on 18 September 2007 in northwestern part of Slovenia. Beside the mentioned rivers the others streams (Bača, Cerknica) and torrents in northwest Slovenia were flooding too. The time of concentration was very short and discharges of the rivers rose very quickly on the most affected area and caused destruction of infrastructure, homes and business. The situation was the worst in the catchment of Selška Sora in Železniki where floods caused enormous economic damage and loss of human lives. Observed discharges of some rivers like Selška Sora, Bistrica at Bohinjska Bistrica, Tržiška Bistrica, Pšata, Dravinja, Ložnica and some others exceeded periodical maximum discharges. That was an event with more than 100-year return period on that area. The transport of sediment load was also very high during that event and the measured values of sediment load at some locations exceeded periodical values.
Due to a large amount of precipitation and strong intensity, several landslides were triggered. One of them destroyed the hospital Franja, a historical monument from the Second World War. The estimated damage caused on the streams is around 91.500.000 EUR and the whole damage was estimated on almost 200.000.000 EUR.
The floods have not been predicted and people have not been warned against floods to protect their property. Meteorological forecasting service predicted precipitation for the September 18 on the base of meteorological models, but not in the amount and intensity of precipitation which than happened. It is difficult to predict flash floods for the alpine and mountainous region due to the complex topography and high variability of precipitation. On the other side, the resolution of meteorological models is still not high enough for mountainous terrain.
